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DECLARATION STATEMENT

RECORD OF DECISION

SITE NAME AND LOCATION

Upjohn Manufacturing Company
Barceloneta, Puerto Rico

STATEMENT OF BASIS AND PURPOSE

This decision document presents the selected remedial action

for the Upjohn Manufacturing Company (UMC) Site, in Barceloneta,
Puerto Rico, developed in accordance with CERCLA, as amended

by SARA, and to the extent practicable, the National Contingency
Plan. This decision is based on the administrative record

for this site.

The Commonwealth of Puerto Rico has concurred on the selected °
remedy.

DESCRIPTION OF THE SELECTED REMEDY

This ROD addresses the residual carbon tetrachloride (CClg)
groundwater contamination resulting from the 1982 underground
tank leak at the UMC facility. The response action will
address the principal threat posed by the groundwater contam-
ination at the site.

The major components of the selected interim remedy include:

* Continued pumpage of ground water extraction well UE-1 at
840 gpm with treatment by an upgraded air-stripping system
and discharge to an existing sinkhole located northwest
of the UMC facility.

Pumpage of the AH Robins well at 450 gpm plus the _
installation and pumpage of two new extraction wells each
at 800 gpm, with treatment by the UE-1l air-stripping
system and discharge to the existing sinkhole.

Continued pumpage of the Garrochales #3 public supply
well (not currently treated) at 2000 gpm with treatment
by air stripping and subsequent distribution to the
public water supply system. An evaluation of replacing
this well with an artesian well will be conducted during
design. Because this well is not an integral part of the
remediation scheme, it may be taken out of service if it
is replaceg.

* If the two new extraction wells prove to be effective at
removing contaminants from the aquifer, additional "
extraction wells will be added, in a phased approach,



with treatment by air stripping and recharge to the
groundwater. It is estimated that two to four additional
wells will be installed and pumped at approximately 800
gpm each. :

° Installation of chloride monitoring wells near the
' coastline to monitor potential salt water movement.

° Long-term monitoring of groundwater to track contaminant
movement and assess performance of the groundwater extraction

wells.

° A reevaluation of the interim remedy within five years of
operation to determine whether it should be continued or

modified.

DECLARATION

Consistent with the Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980 as amended by the Superfund
Amendments and Reauthorization Act of 1986, and the National 0il
and Hazardous Substances Pollution Contingency Plan, 40 CFR Part
300, I have determined that the selected interim remedy is
protective of human health and the environment consistent with
the purpose of this remedial action. For groundwater extracted
and treated, the remedy attains federal and state requirements
that are applicable or relevant and appropriate. Consistent
with the scope and purpose of this interim remedy, this

action is cost effective and utilizes permanent solutions and
alternative treatment technologies to the maximum extent
practicable. This action satisfies the statutory preference

for remedies that employ treatment that reduces toxicity,
mobility, or volume as a principal element.

Because this remedy will result in hazardous substances remaining
on-site above health-based levels, a review will be conducted
within five years after commencement of remedial action to ensure
that the remedy continues to provide adequate protection of human
health and the environment.

- 3088 222,;1 ;& " 2
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Acting Reg al Administrator




ROD DECISION SUMMARY

SITE NAME, LOCATION, AND DESCRIPTION

The Upjohn Manufacturing Company (UMC) site is located on the
north coast of the island of Puerto Rico in the Barceloneta
industrial park, a rural region approximately 1.6 miles west of
"Cruce-Davila," which is the local name for the intersection of
State Roads 2 and 140 (see Figure 1l). This area lies on a five-
mile wide coastal plain with regional topography sloping gradually
down to the north and to the Atlantic Ocean which lies about 3.7
miles to the north. Small hills known as mogotes surround the
facility. Across the road from the UMC property is the AH Robins
Company and the Tiburones community. Nearby to the north is the
Cambalache State Forest (see Figure 2).

The site is located in the north coast limestone region of Puerto
Rico. This sparsely populated area lies above the island’'s
largest aquifer, which serves as a source of drinking water to
over 12,000 area residents who rely on public and private wells.
The region is traversed by six rivers whose headwaters are found
in the volcanic terrain to the south, and which flow northerly to
the Atlantic Ocean. The UMC site lies in the drainage area
bounded to the west by Rio Grande de Arecibo and to the east by
Rio Grande de Manati. The Cano Tiburones forms the northern
boundary.

The region is characterized by a tropical, mature karst terrain
which includes closed depressions, sinkholes (dolines), subsurface
conduits and an absence of surface water bodies. The karst
developed by dissolution of the existing limestone formations.
Blanket sands fill the depressions or valleys between the mogotes,
at depths ranging from approximately 3 feet to greater than 100
feet. .

The Aymamon and Aguada formations comprise the unconfined water
table agquifer which has high values of permeability. The total
thickness of these formations is approximately 709 feet and 1086
feet, respectively. The water table can be found approximately
300 feet below the spill site at UMC within the Aymamon Formation
(see Figure 3). Below the Aguada Formation lie the Cibao and
Lares formations which comprise the confined artesian aquifer.

The total thickness of each of these formations is approximately
1004 feet and 1017 feet to 1657 feet, respectively (see Figure 4).



The Aymamon limestone is subject to h1gh degrees of weathering
and dissolution into underground cavities, usually following
vertical reg10na1 faults. Two sets of vertical faults intersect

in this region at right angles, leaving residual hills and sinkholes.
Due to the cavernous nature of the formation, the transmissivity

and productivity of the Aymamon limestone is high. Although
vertical transm1551v1ty is reduced by the inter-bedded clay
layers, it is locally facilitated by sinkholes.

The Aguada formation is a more massive, less cavernous, and more
resistant limestone with a lower lateral and vertical transmissivity
than the Aymamon.

In the vicinity of UMC, groundwater within the water table aquifer
generally flows to the north or slightly northeast, towards its
discharge point into the Cano Tiburones, and ultimately the
Atlantic Ocean. However, with flooding conditions, the general
groundwater flow has been observed to be toward the northwest.

SITE HISTORY AND ENFORCEMENT ACTIVITIES

In mid August 1982, UMC resumed, after one year, a batch production
process for the manufacture of the antibiotic Clindamycin, at

their Barceloneta facility in Puerto Rico. This process generates
a waste mixture of carbon tetrachloride (CCl4) and acetonitrile.
Between August 16, 1982 and September 3, 1982, nine batch processes
were run. Approximately 15,300 gallons of this mixture were
dispatched to an underground tank (identified as FA-129) (see
Figure 5) before it was realized in mid September 1982 that the
waste tank was empty and that the waste product had been released
into the ground. The chemical components of the waste stream

that entered the leaking underground tank were never carefully
guantified. However, it is believed that the composition of
material in the tank was 65% CClg and 35% acetonitrile. Inspection
of the failed tank revealed that it had ruptured in at least three
locations. Inspections of most of the remaining tanks in the

tank farm indicate the possible leakage from these tanks prior to
the loss of waste stream in 1982. Possible spills from loading

and unloading stations near the tank farm as well as from maintenance
work on pipe and tank fixtures may have contributed to the contam-
ination at the site, which may have been occuring before August
1982.

Five local water supply wells (Garrochales #1 and #2, Tiburones,
AH Robins, and Hillside Motel) were shut down due to CClg contam-

ination or the threat of contamination resulting from the spill.
Acetonitrile was not detected in any well. UMC, along with
several local industries, provided a temporary alternate water



supply to the users of those Water supply wells until a permanent
alternate water supply was provided for by UMC., UMC replaced the
Puerto Rico Aqueduct and Sewerage Authority (PRASA) public supply
" wells, Garrochales #1 and #2, with a new water supply well, the
Garrochales #3 well. To date, water from this well has not been
provided with any type of treatment before being distributed
through the PRASA water supply system.

Results of soil and groundwater investigations conducted by UMC
following the spill indicated the presence of CClg contamination
in the soil and groundwater. Soil investigations delineated the
"zones of highest contamination within the unsaturated zone in and
around the tank farm. Investigations revealed that most of the
CCly remained within the upper blanket sand deposits 25 to 100
feet below the ground surface in the unsaturated zone. Exceptions
were noted, however, where elevated levels of CClg were found in
very deep deposits of the blanket sands at depths ranging from 100
to 210 feet below the ground surface.

Considering the impracticality of excavating soil to such depths,
a vacuum extraction system was installed by UMC at the site in
1983, which removed CClyg vapors from the soil. Each vacuum
extraction well in the system was in operation until nondetectable
levels of CCly vapors were observed over a period of time. The
system was shut down in its entirety in March 1988.

Groundwater investigations conducted by UMC included the installation
of 22 groundwater monitoring wells (MW-1 through MwW-23, excluding
MW-2), from November 1982 through December 1983, in the vicinity

of UMC (see Fig. 6). Samples from these wells were used to
determine groundwater quality, flow direction and rate of movement.
Based on data collected from the monitoring wells, it was determined
that the CClyg contamination in the groundwater had migrated off

site approximately 2 miles to the north. Acetonitrile was not
detected in the water table aquifer nor in the underlying artesian
aquifer. Trace amounts of CClyg were occasionally detected in the
‘underlying artesian aquifer, but the mean concentration was less

than 0.5 parts per billion (ppb).

In 1983, UMC, with the support and oversight of the major regulatory
agencies on the island, began implementation of remedial actions

in attempts to remove the CCly from the soil and groundwater.

These actions included: the pumpage of the AH Robins well, the

first well outside of the UMC facility at which CClg associated

with the UMC spill was detected, as a means of recovering the
contaminated groundwater; the installation and operation of a



vacuum extraction system, an innovative technology, within the
UMC tank farm soils to remove CCl, vapors. from the unsaturated
zone; the installation and operation of a second groundwater
contaminant recovery extraction well, UE-1, located on the UMC
facility; and placement of a concrete cap over the tank farm to
eliminate precipitation infiltration and reduce the migration of
CCly from the soil into the groundwater.

The UMC site was placed on the National Priorities List (NPL) in
September 1983. 1In May 1984, UMC drafted a Remedial Investigation/
Feasibility Study (RI/FS) Report which documented the soil and
groundwater investigations as well as the remedial actions taken

by UMC to remove CCly from the soil and groundwater and to provide
alternate water supplies. EPA did not accept the 1984 draft

RI/FS Report prepared by UMC because the extent of groundwater
contamination had not been fully defined and the FS was not
performed in accordance with the National Hazardous Substances
Pollution Contingency Plan (NCP).

The use of the AH Robins well as a groundwater contaminant recovery
well was discontinued in 1985 because of the greater effectiveness
of well UE-1, which became operational in 1984.

UMC has continued to operate well UE-1 as a groundwater extract-
ion well, discharging treated water from an air-stripping unit to
an existing sinkhole, and has continued to sample selected ground-
water monitoring wells and threatened water supply wells on a
monthly basis.

Both soil and groundwater treatment systems were effective in
removing contaminants from the environment. However, residual

CClgq contamination has remained in the groundwater on site and
has migrated off site as well. It is possible that residual CCly
may also exist in the unstaturated zone on site.

On June 26, 1987, EPA issued an Administrative Order on Consent

to UMC which required UMC to perform additional remedial investigative
studies as well as prepare a feasibility study with respect to

the site in order to, among other things, gather further information
about the groundwater contamination at the site and address
alternatives for its remediation. The order also required UMC to
continue to pump its groundwater extraction well (UE-1) and its
vacuum extraction wells, conduct groundwater monitoring, and

perform certain other actions. One of the primary objectives of
this order was to ensure that the feasibility study to be prepared,
would conform to the requirements of the Comprehensive Response
Compensation and Liability Act of 1980, as amended by the Superfund
Amendments and Reauthorization Act of 1986 (CERCLA), and the NCP.
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Pursuant to the June 26, 1987 Administrative Order, UMC submitted
an RI Report, a draft FS Report and, after receiving comments

from EPA, an amended FS Report. However, EPA found these reports
to be deficient. EPA thus tasked its contractor, Camp Dresser &
McKee Federal Programs Corporation (CDM-FPC), to perform additional
groundwater sampling to define turther the extent of CClg contam-
ination and to verify existing data from UMC, and to prepare a FS
Report to address the residual groundwater contamination. The
CDM-FPC FS Report was completed and accepted by EPA in June 1988.

COMMUNITY RELATIONS

The 1988 Draft FS Report, prepared by CDM-FPC, was released for
public comment along with the Proposed Remedial Action Plan
({PRAP) on July 12, 1988. The 30-day comment period concluded on
August 10, 1988. A public meeting was held on July 21, 1988 at
the Barceloneta Mayor's Office to discuss the FS and PRAP, answer
questions, and solicit citizens' comments. A response to each
significant comment received during the public comment periou is
included in the attached Responsiveness Summary.

SCOPE and ROLE of RESPONSE ACTION

This ROD addresses the residual CClg groundwater contamination
resulting from the 1982 underground tank leak at the UMC facility.
The response action will address the principal threat posed by

the contaminated groundwater at the site.

1t is possible that residual CCly contamination may exist in the
unsaturated zone which may represent a continuing source of CCly
contamination to the groundwater. This possible source will be
addressed separately by the EPA RCRA program and will not be part
of this ROD.

SITE CHARACTERISTICS

Extent of Contamination

The chemical components of the waste stream that entered the
leaking underground tank were never carefully quantified. UMC
reported the composition of material in the tank to be 65 percent
CClg and 35 percent acetonitrile. Chloroform and methylene
chloride are decomposition products of CClg: therefore, it is
likely these compounds were also present in the spill ana/or in
the soil and/or groundwater soon after the spill.

Qualitative analyses by UMC of the vented fumes and collected
liquids from the vacuum extraction system in the soil indicated
the presence of CClg, and traces of acetonitrile, acetone,
chloroform, methylene choride and methane. This indicated that
these same substances were also present in the unsaturated



zone beneath the tank farm at UMC. Since CCl4 was the major
constituent of the chemicals detected, it is the only chemical
that was quantitatively analyzed by UMC in the unsaturdated zone
and, for the most part, in the saturated zone.

The vacuum extraction system operated im various configurations
until it was shut down in March 1988, when analysis of vented

s0il vapors revealed nondetectable levels of CClg from the vacuum
extraction wells. Although the system was successful in removing
CClg vapors from the unsaturated zone down to nondetectable levels,
the system was not capable of removing CClg which had adsorbed to
the scil particles. Given CClg's high retardation factor and
kinematic viscosity which enables the chemical to exist in the
unsaturated zone in a separate, pure liquid phase, it would be
expected that some CClyg is presently adsorbed to the organic
carbon of the blanket sands and will remain a persistent secondary
source of contamination as the pure CCl4 product solubilizes in
the water between the soil particles over time and migrates into
the agquifer. The amount and location of CCly which presently
exists in the unsaturated zone is unknown.

From 1982 to 1987, UMC sampled selected groundwater monitoring
and water supply wells for CCly on a regular basis. These data
was used to track the movement of contamination resulting from
the 1982 spill.

CClg contaminant data from groundwater monitoring wells in the
immediate vicinity of the UMC facility showed that concentration
levels had decreased significantly since the time of the incident.
Monitoring wells 1, 8 and 10 which exhibited the highest concen-
tration levels of CClg in 1983, greater than 30,000 ppb, had
decreased to less than 150 ppb in 1987. Natural aquifer flushing
and dilution would have contributed to this decrease in concen-
tration levels.

Groundwater data collected from 1982 to 1987 revealed the general
direction of ‘the migrating CCl4 contamination to be north/northwest.
The areal extent of the contamination measured in 1987 encompassing
concentrations of 5 ppb or greater was approximately 2.1 square
miles (see Figure 7).

1988 groundwater samples collected by EPA's contractor, CDM-FPC,

were analyzed for Target Compound List (TCL) volatile organics,
metals and cyanide through the EPA Contract Laboratory Program.

Wells that were sampled are located on Figure 8. Samples collected
from stainless steel monitoring wells Mw-101], 102 and 103

(constructed in 1987) were analyzed for both TCL metals and
dissolved metals.



Results from 1988 data, presented in Table 1, show CClyg concen-
trations exceed the Maximum Contaminant Level (MCL) of 5 ppb for
CCly, established under the Safe Drinking Water Act, in monitoring
wells 1, 16, 18, 21, 22, 23, 101 and Vagueria Sabana (#305), a
stock well. Samples collected from a spring, La Cambija (§52),
which feeds into the Cano Tiburones were also found to contain
CCl4 concentrations in excess of 5 ppb. Monitoring wells 16,
18, and 23 contained the highest CCl, concentrations of 140, 160
and 170 ppb, respectively. These wells also contained the
highest levels of chloroform, although the levels were less

than the Puerto Rico Department of Health maximum contaminant
level standard for any single organic chemical. Acetonitrile
was not detected at any of the sampling locations.

Acetone was detected in groundwater samples from monitoring
wells 1, 21, 23 and 101 at corresponding concentrations of 61,
41, 26 and 37 ppb. The fact that acetone was also found in the
field blanks, however, indicates this compound may be residual
from decontamination of the sampling equipment and, therefore,
not indicative of groundwater contamination.

Toluene was detected at 24 ppb in well 48, which is no longer
in use as a domestic well. However, this concentration was
below the recommended MCL, proposed in the Federal Register
on November 13, 1985 pursuant to the Safe Drinking Water Act.

High concentrations of iron, calcium, magnesium, sodium and
potassium were detected in many of the wells. These ions are
naturally found in carbonate limestone aquifers that are not in
contact with salt water.

Arsenic and selenium were found in abandoned well 51, at elevated
levels which exceeded primary drinking water standards. 1In
addition, lead concentrations at well 54 exceeded primary

drinking water standards. Well 54 is currently used for irrigation
purposes. The presence of arsenic, selenium and lead in the
groundwater may be attributable to contamination originating

from local industries.

Levels of chromium in excess of the MCL of 50 ppb were found at
ronitoring wells 101, 102 and 103. Dissolved metal concentrations
in these wells were, however, considerably lower than the
corresponding total metal analysis. Since excessive levels of
chromium were only detected in 3 out of 26 locations sampled in
January 1988, EPA does not believe that the metals detected
(particularly chromium) are necessarily indicative of groundwater
contamination. EPA bélieves that the presence of metals may be
attributable to well development. However, it is also possible
that chromium may be a result of contamination originating from
local industries.



The highest CCly concentrations detected in January 1988 by EPA
coincide with the highest concentrations found in 1987 by UMC.
Currently, the leading edge of the extent of CClg contamination,
however, appears to be located considerably south of the
Garrochales #3 well (see Figure 9).

The zone of contamination addressed in the 1988 draft FS report
was interpreted by superimposing the yearly maximum CClg
concentration gradients from 1983 through 1987 (see Figure 10).
This effort has revealed a consistently higher level of CClyg
contamination in the area between UMC and well #54.

Concentration gradients constructed from the 1988 groundwater
data indicate that the major portion of the residual CClgy
contamination currently existing in the groundwater is within
this same zone that has historically revealed the highest CClyg
concentrations. ‘

Data provided by the United States Geological Survey (USGS)
indicate that there are no private wells used for drinking
water located within the zone of contamination. Wells within
the zone of contamination are located on Figure 1l.

Based on the current location of the groundwater wells, the
bulk of residual CClgq contamination currently existing in the
groundwater has been identified within the diffuse component of
the flow, to extend approximately 8,500 to 9,500 feet north of
the UMC site (see Figure 12).

A small portion of CClg contamination detected in well #305 and
in a spring feeding into Cano Tiburones was not evaluated in
subsequent remediation schemes since the contamination is
already appproaching a point of discharge from the aquifer.

At the point of discharge, CClg concentrations are expected to
decrease, possibly to less than the MCL of 5 ppb for CClg4, due
to dilution and volatilization of the contaminants.

Pathways of Migration

CCl4 has a moderate to strong tendency for adsorption to soil
particles. Some adsorption of CClg and chloroform to the organic
carbon of the blanket sands is expected. The denser-than-water
nature of pure CClyg liquid may cause the chemical to flow faster
than water through the blanket sands and sink through the water
table of the Aymamon aquifer. Some degradation of CClg to
chloroform is expected.

CCly may remain in the blanket sands or limestone aquifer as a
secondary source of contamination as pure liquid, dissolved
chemical, or contaminated soil and soil air. As precipitation
percolates downward through the blanket sands, CClg may be
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flushed downward through the sands. This periodic flushing may
cause pulses of contamination to enter the aquifer system

during rain events.

Most of the acetonitrile probably went into solution in the

water between the soil particles with some lost to volatilization
and diffusion. Once dissolved, it would have moved through the
soil and into the underlying Aymamon aquifer. Little acetonitrile
should remain in the soil. That which reached the limestone
aquifer may have been flushed relatively rapidly.

Chloroform may exist as a degradation product of CClg. Further
degradation may occur, but volatilization from soil or groundwater
is a more likely removal pathway. Chloroform will not be as
retarded by organic matter in soil as CClg. It is unlikely

that chloroform would exist in a pure liquid state in the

blanket soils or Aymamon aquifer.

Groundwater flow in the karstic Aymamon aquifer occurs as a
combination of flow through the dissolution channels (conduit
flow) within the limestone and flow through the surrounding
intact limestone (diffuse flow). Hydrogeological studies
conducted in the Barceloneta area indicate that diffuse flow is
more prevalent in the immediate area than conduit flow. Because
of this, contaminant recovery using groundwater extraction wells
is feasible, given properly located wells.

Any contamination present in the groundwater in a dissolution

channel will be rapidly transported through the aquifer.
Contamination present in the groundwater of the limestone will
move much slower. Such differences in velocity and flow direction
will spread or disperse contaminants as they move away from a
contaminant source.

In addition, the limestone may serve as a reservoir for contam-

inated water, resulting in a Persistent, low level source of
contamination to the dissolution channel flow from the limestone,

causing a temporal dispersion of the contamination.

Groundwater Characteristics

The aquifer system is dynamic, changing rapidly in flow amount
and direction with changes in rainfall amount or pumping. The
shift in flow amount or direction may cause widespread dispersion

of contaminated water throughout the aquifer. This spatial and
temporal dispersion of contaminants leads to difficulties in
designing aquifer remediation systems and in estimating aqui fer
c¢lean up times. .

BAnother significant feature of the water table aguifer is the
presence of salt water within the Aymamon and Aguada Formation.
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Any remedial activities that include new or increased groundwater
pumping must be evaluated in terms of the potential for ‘causing
the salt water interface to move further inland.

Salt water encroachment can be expected if pumpage exceeds the
natural storage capacity of the aquifer. Also, pumping wells
should be designed to avoid local up-coning of salt water
beneath the wells. Any pumping of groundwater should include
eventual recharge back into the aquifer to maintain the balance
of freshwater flow.

The USGS recommends a maximum pumpage limit of the Aymamon
limestone aquifer in this area of 6 million gallons per day
(mgd) during per1ods of normal or surplus prec1p1tatlon to
prevent salt water intrusion.

EPA has proposed a groundwater classification system for addressing
groundwater use. The unconfined Aymamon/Aguada aquifer has been
classified as Class II groundwater. This classification is
outlined in "Guidelines for Groundwater Classification under

the EPA Groundwater Protection Strategy" -~ Final Draft (Office

of Groundwater Protection WH-550G).

The draft Puerto Rico Groundwater Strategy classifies all
groundwater as Class 1I, unless otherwise demonstrated. For
this reason, and due to the fact that the water table aquifer

is not irreplaceble, the Class 11 characteristic (current or
pctential source of drinking water) is being used. This implies
that remediation levels be considered to provide protection of
public health and that active restoration of the groundwater be
achieved over a reasonable period of time with greater emphasis
placed on shorter time frames.

SUMMARY of SITE RISKS

At the UMC site, CCly and acetonitrile were known to be present

in the waste stream, and are therefore considered the contaminants
of concern for the site. Acetonitrile was not detected at any
sampling location in 1988. Chloroform would be expected to be
present as a degradation product of CCly. Chloroform was

detected at only three well locations.

The primary exposure mechanism and public health risk at the
UMC site is attributable to the ingestion or other domestic

use of contaminated groundwater downgradient from the UMC

site. Although the primary exposure route is through ingestion
of groundwater, other exposure mechanisms such as inhalation
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of volatile components during showering, dermal contact during
bathing, and inhalation of volatiles released by the air-stripping
unit presently operating at the site (for plant workers only)

for the UE-1 groundwater extraction well also exist.

Land use in the zone affected by contaminant migration is
industrial, agricultural and rural residential. At least

several manufacturing plants, the communities of Tiburones and
Garrochales, a Job Corps facility and a motel are affected.

All users of the unconfined aquifer in the affected zone are
potentially endangered. However, as stated previously, according
to USGS, no private wells within the zone of contamination
currently utilize the groundwater for drinking water purposes.
All contaminated and threatened potable wells were shut down

" shortly after discovery of the spill in 1982. UMC replaced the

water supplies to the users of these wells. Artesian well
users have not been endangered in the past and the potential
for future endangerment is small. The Garrochales #3 well,
which replaced the #1 and #2 wells, is currently the only user
of the unconfined agquifer for potable water in the affected
zone. Private wells located north of the Garrochales #3 well
currently use the unconfined aquifer for watering livestock and
for irrigation purposes.

Other potentially endangered populations include workers at the
UMC plant potentially exposed to contamination through inhalation
of vapors from the UE-l air stripper. Also, users of the Cano
Tiburones could potentially be exposed through surface water
contact and use.

Ingestion of contaminated fish and contaminated crops (including
meat from livestock) are exposure pathways with little potential
for adverse human health effects. Concentrations of contaminants
and bioconcentration factors for CClyg are low, resulting in

minimal uptake by fish and crops, thus resulting in a low potential
for exposure.

Noncarcinogenic effects associated with ingestion of groundwater
and inhalation of volatilized groundwater contaminants were
examined through comparison of chronic daily human intake

values (an estimated dose which a human receives) to the
acceptable intake value for chronic exposure (the estimated

dose level believed to be safe). There are unacceptable chronic
noncarcinogenic risks for children living in the area affected
by the UMC site and ingesting groundwater. For adults,
unacceptable risk would be produced by ingestion of groéundwater
at the AH Robins well. No unacceptable noncarcinogenic risk
exists for inhalation of contaminants from the air stripper at
the UMC site.
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The risk of cancer from exposure to a chemical is described in
terms of the probability that an individual exposed for his or
‘her entire lifetime will develop cancer. This value is calculated
by multiplying the -chronic daily intake by the carcinogenic
potency factors reported in the Superfund Public Health Evaluation
Manual (USEPA, October 1986). Cancer risks were calculated

for the chronic exposures which may occur at the UMC site.

‘These results are presented in Table 2.

The results indicate that chronic ingestion of the groundwater
contaminated with CClg would produce unacceptable carcinogenic
risks to residents. The risk ranges from 2.3 x 10-4 at the AH
Robins well to 5.8 x 10-5 at the Cano Tiburones. Plant workers
may experience unacceptable carcinogenic risk by breathing
volatiles from the on-site air stripper. The risk calculated
is 1.6 x 10-5 under specific exposure conditions.

Actual CCly concentrations in the groundwater exceed applicable
or relevant and appropriate regquirements (ARARs) throughout the
affected portion of the unconfined agquifer and in the surface
water of the discharge zone. The MCL of 5 ppb for CClg is an
ARAR for the site. Levels of CCly in air do not exceed threshold
limit values.

The Cano Tiburones, the discharge region of the contaminated
aquifer, is a herbaceous wetland area laced with drainage
canals. The Cano supports a large population of migratory

and native birds and waterfowl. There are sizable fish and
aquatic invertebrate populations, with recreational fishing

for channel catfish and fresh water shrimp. The Cano Tiburones
discharges into Arecibo Bay and the Atlantic Ocean.

Risks to the environment may result from chronic toxic effects of
contaminants on aquatic life of the Cano Tiburones. However,
currently, the highest amount of CClyg detected in the groundwater
(at MW-23 during January 1988) is less than the lowest observed
effects levels (LOEL) for CClg in freshwater and salt water.
Future concentrations of contaminants entering the Cano
Tiburones are also expected to be less than the LOEL. Therefore,
impacts to aquatic life from existing and future concentrations
of contaminants are expected to be low. Risk to terrestrial
wildlife is likely to be small, since there is little contact

by wildlife with contaminated air or water.
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DEVELOPMENT OF ALTERNATIVES

The remedial alternatives for the UMC Site were developed and
evaluated using CERCLA, the NCP, a December 24, 1986 memorandum
from J. Winston Porter entitled "Interim Guidance On Superfund
Selection of Remedy" - OSWER Directive No. 9355.0-19 and the
July 24,1987 "Additional Interim Guidance for FY '87 Records of
Decision."

A range of potential available remedial technologies were
developed that could be used to remediate the site. Remedial
technologies involving treatment which permanently and signif-
icantly reduces the toxicity, mobility or volume of the hazardous
substances as a principal element, are to be preferred over
remedial technologies not involving such treatment. These
technologies were initially screened on a technical basis.

Initial screening included the following:
° Implementability - constructability and time to achieve cleanup.

° Applicability - physical and chemical suitabilitylfor site
conditions.

Based on the screening, individual remedial technologies
appropriate to site conditions were developed.

Technologies that are not considered appropriate for utilization
at the UMC site are listed below.

In-Situ Treatment of Groundwater

° Carbon Adsorption - CCly's low molecular weight and low
boiling point make carbon adsorption an undesirable treatment
technology. 1In addition, the presence of dissolved solids in
the groundwater and the potential for scaling would cause
problems in the spent carbon regeneration process which would
significantly increase handling costs of the spent carbon.

° Open Basin Aeration - Although this type of air-stripping
technology is currently used by UMC for their UE-1 extraction
well, it was not recommended for future use because of the
lesser degree of control and removal efficiency afforded to
the system, when compared with packed column aeration.

° Biodegradation - Biological destruction of the CCly was not
recommended because of the required time for metabolization to
take place. Because the contamination is in a karstic formation
where the groundwater flow moves quickly, the possibility is
great that water would reach a potable well before destruction
occurred.
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° Vacuum Extraction - Applications for vacuum extraction
technologies ftor volatiles removal from the groundwater zone

have not been demonstrated based on available literature.

The application to saturated-zone volatile removal is expected
to be conceptually infeasible because of problems with
withdrawal of groundwater into extraction wells and the

limited stripping efficiency available because of the relatively
small air to water surface interface area compared to other
technologies, such as conventional air-stripping towers.

Off-site Groundwater Treatment/Discharge

° Discharge to POTW - Pumping groundwater from extraction
wells directly to a treatment plant, from which it is discharged
into the ocean, results in net exporting of groundwater from
the agquifer. This would cause salt water to intrude into the
aquifer, reducing available drinking water supplies, and
would create strong institutional and public opposition.
As a result, this option is judged to be unfavorable.

Technologies that are considered appropriate for utilization at
the UMC site are listed below.

On-site Groundwater Treatment/Discharge

° Air-stripping - This technology has been shown to be an
effective method of removing volatile constituents from
groundwater. It is a partitioning process in which the
volatile organic contaminants are transferred from a dis-
solved state in the agueous phase to the air phase through a
water to air transfer process. The most widely used method
of air stripping is packed column aeration. This type of
aeration is recommended for use at the UMC site.

Pretreatment for Scaling - Problems have been encountered
during operation of the air stripper connected to the UE-1l
groundwater extraction well. It has been reported that the
stripper operates ineffectively as a result of scaling. UMC
recently installed, and is presently operating, a pretreatment
system to prevent scaling. A liquid polyphosphate scale and
corrosion inhibitor, Nalco 7399, is added to the groundwater
before treatment. Several other chemicals used for inhibition

are available that are approved for use in potable water,
should the pretreatment system currently operating need to be

replaced. Small scale piloting will then be conducted to
determine the most appropriate chemical for the system.
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° Reinjection - Reinjection of extracted groundwater must be
done to maintain the freshwater/salt water balance of the
hydrogeological system to prevent salt water intrusion.
Reinjection of the volume of water anticipated is feasible
given the porous nature of the karst formation and the thickness
of the unsaturated zone. )

DESCRIPTION OF ALTERNATIVES

-Listed below are descriptions of the four alternatives evaluated
in the CDM-FPC FS.

. ALTERNATIVE 1 - No Action

This alternative (see Figure 12) involves the cessation of all
active pumping to contain or otherwise control the spread of

CClg contamination. Well UE-1 would be removed from service

and would either be permanently sealed or modified for an
alternate use. The Garrochales #3 well would continue to pump

at 2000 gallons per minute (gpm) without treatment and would
continue to be used as a potable water source. A long-term,
rigorous groundwater monitoring program and tracking of the
downgradient migration of CClg contamination would be implemented.

By removing well UE-1 from service and terminating the current
treatment and recharge of effluent, partial control of the
contamination would be eliminated. Contaminants remaining in

the unsaturated zone in the immediate area of UE-1l would continue
to slowly percolate into the water table. Contaminants already
in the groundwater, yet located outside of the effective

pumping radius of UE-1l, would continue to migrate downgradient

in the prevailing direction of groundwater flow. Contaminants
currently being removed by UE-l would also be entrained in the
groundwater. A portion of the CClyg contamination would be
intercepted by Garrochales #3; the remainder of the contamination
would eventually discharge into Cano Tiburones, and subsequently,
the Atlantic Ocean.

fThis alternative would not assist in restoring the aquifer.
Agquifer restoration would be achieved only through natural
flushing and dilution.



-16~

CCl4 concentrations may be expected to decrease as the contaminant
mass moves north and is diluted by uncontaminated groundwater.
The amount of dilution occuring is difficult to quantify since
existing data are insufficient to estimate the vertical extent

of the CCl,y contamination. Whether dilution will be sufficient
to reduce bulk contaminant concentrations in the aquifer below
the MCL of S5 ppb cannot be determined. The time required to meet
the MCL of 5 ppb through natural aquifer flushing cannot be
determined since the soil beneath the site may represent a
continuing secondary source of CCl, contamination, and the
persistence of CCly in this type o% geological environment is

not fully known.

Rigorous groundwater monitoring would be implemented to aid in
identifying potential receptors before contamination occurs
thereby allowing prudent advance action to be taken in order to
minimize potential health risks. Details of the monitoring
program would be developed in the remedial design phase.

If pumpage of UE-1 were discontinued, the only remaining principal
groundwater withdrawal from the aquifer would be from the
Garrochales #3 well which operates at 2.88 mgd which, by itself,
is well below the projected 6 mgd safe yield predicted by USGS.
Therefore, Alternative 1 would pose no threat of potential salt
water encroachment.

Implementation of Alternative 1 involves removing well UE-1
from service. This is expected to take approximately four
months. \

The institutional constraints posed by Alternative 1 would
include licensing requirements for the permanent abandonment
and sealing of well UE-1l.

The estimated cost breakdown for Alternative 1 is as follows:

Capital: $ 35,000
Oo&M : 0
Long-term Groundwater Monitoring: $440,000
Net Present Worth: $475,000

Costs for wellhead treatment or alternative water suplies are
not included in this alternative.

ALTERNATIVE 2 - Partial Contaminant Control

Under Alternative 2 (see Figure 13), the present operating
conditions would be maintained: well UE-1 would continue to
pump at 840 gpm, and the Garrochales #3 well would continue to
pump at 2000 gpm. In addition, wells UE-1 and Garrochales #3

(not currently treated) would be treated by air stripping.
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Treated groundwater from well UE-1 would be discharged into an
' existing sinkhole located northwest of the UMC facility; treated
- groundwater from the Garrochales $#3 well would continue to
serve as a source of potable water. Long-term groundwater
"monitoring and tracking of the downgradient migration of the
CCl4 contamination would be implemented.
" Under this alternative, well UE-1 would continue to provide
‘minimal control of the CCly contamination. The Garrochales #3
~well would intercept a portion of the contamination. Contam-
,inants in the aquifer outside the zones of capture of wells
' UE-~1 and Garrochales #3 would continue to migrate to the north
towards Cano Tiburones. The highest concentrations of CClg,
‘detected north (downgradient) of the zone of capture of well UE-1,
could be expected to bypass UE-1l and Garrochales #3 and eventually
discharge into Cano Tiburones and the Atlantic Ocean.

Partial aquifer restoration would be achieved under Alternative
2 through pumping and treating wells UE-1l and Garrochales #3.
,However, because these wells are only capable of controlling a
small portion of the contaminants, aquifer restoration would
primarily rely on natural aguifer flushing. Dilution of contaminant
concentrations would occur as the contamination migrates down-
gradient. However, the amount of dilution occuring is difficult
to quantify since existing data are insufficient to estimate

the vertical extent of the CCly contamination. It cannot be
determined whether dilution would be sufficient to reduce bulk
contaminant concentrations in the groundwater below the MCL of

5 ppb.

The time required to attain the MCL cannot be determined for

two reasons: the soil beneath the site may represent a continuing
secondary source of CCly contamination, and the persistence of
CCly in this type of geologic environment is not fully known.

Alternative 2 represents a net export of groundwater of 3.1
mgd, which is less than the maximum withdrawal rate of 6 mgd,
as recommended by USGS. Therefore, this alternative poses no
threat of potential salt water encroachment.

Alternative 2 would require upgrading the existing air stripping
treatment unit on well UE-1 as well as the installation of a new
air-stripping treatment unit on the Garrochales #3 well. This
would take approximately two years. Air releases from the
treatment units would comply with air emission standards regulated
under the Clean Air Act and Rule 419 of the Regulation.for

Control of Atmospheric Pollution established by the Puerto Rico
Environmental Quality Board (PREQB). Due to the high natural
hardness and alkalinity of the groundwater, the current aeration
system on well UE-1 has encountered significant operating
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difficulties. This alternative also provides for pretreatment

of the extracted groundwater before it enters the aeration
system, which would improve the effectiveness and reliability
of the system. )

The long-term use of the existing wells and upgraded existing
and new treatment units would have substantial operation and

maintenance requirements.

Groundwater monitoring would be implemented to aid in identifying

potential receptors before contamination occurs thereby allowing
prudent advance action to be taken in order to minimize potential

health risks. Details of the monitoring program would be

developed in the remedial design phase.

The estimated cost breakdown for Alternative 2 is as follows:

Capital: $ 946,000
O&M (30-year present worth) § 1,722,000
Long-term Monitoring S 440,000
Net Present Worth $ 3,108,000

ALTERNATIVE 3 - Moderate Contaminant Control

Alternative 3 was developed for the purpose of controlling only
the most heavily contaminated portion of the aquifer. This
alternative involves continued pumpage, with treatment, of

wells UE-1 at 840 gpm, AH Robins at 450 gpm, and Garrochales #3
(previously untreated) at 2000 gpm, with the installation and
operation of two new groundwater extraction wells (E-1 and

E-2), each operating at 800 gpm (see Figure 14). Under Alternative
3, the Garrochales #3 well would continue to be used as a

potable w.t 5 u . 4 wing wellhead treatment:; groundwater
from wells UE-1 and AH Robins would be treated and discharged

to an existing sinkhole located northwest of the UMC facility:
the two new extraction wells would also be treated and discharged
to that sinkhole. Long-term groundwater monitoring would be
implemented. Chloride monitoring wells would be installed to

monitor potential salt water encroachment.

The installation of the two new extraction wells would be
accomplished using a phased approach, whereby hydrogeological
and water quality data from the first well would be evaluated
prior to the installation of the second well. This procedure
would provide a better understanding of the hydrogeology and
would allow for an effectlve placement of the wells.

The highest concentrations of CClg would be extracted by the
two extraction wells, E-1 and E-2, located in the center of
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the contaminated zone. The recommended locations at which
wells E-1 and E-2 would be placed lie in the general area

 between monitoring wells MW-16 and MW-21, where contaminant

concentrations are expected to be greatest. The two new
extraction wells, along with the AH Robins well and the UE-1l
well, would be expected to remove a significant portion of the

. most heavily contaminated groundwater. The two new wells are

capable of capturing approximately 30% of the total flow across
the contaminant zone. However, contaminants present in ground-

' water downgradient of the two new wells would continue to
‘migrate towards the Garrochales #3 well and the private wells,

at concentrations of CClg as high as 170 ppb, as detected at
monitoring well MW-23 during the January 1988 sampling event.

Due to the physical barrier posed by the Cambalache State
Forest, two air-stripping systems would be required. The first
air-stripping system (an upgrade of the existing system) would
be located at the UMC property and would receive flow from

‘wells UE-1 (840 gpm), AH Robins (450 gpm), and the two new

extraction wells (800 gpm each). The discharge from this
treatment system would go to a sinkhole in the vicinity of the
UMC plant. The second air stripping system would be located
near the Garrochales #3 well and would service only this well
(see Figure 15). Both air-stripping systems would include
pretreatment. Sufficient land for the second system would have
to be acquired and dedicated. The flow from the Garrochales #3
well system would be used for potable purposes.

Air releases from the treatment units would comply with air
emission standards regulated under the Clean Air Act and .
Rule 419 of the Regulation for Control of Atmospheric Pollution,
established by PREQB.

A chloride monitoring well network would be constructed down-

gradient of wells E-1 and E-2 (see Figure 15). The chloride
monitoring wells would locate and monitor the shape and migration

of the fresh water/salt water interface prior to and during
cleanup operations. The exact location of the chloride monitoring
well network will be determined during remedial design when
sufficient data will be collected to determine the location of

the salt water interface.

A long-term groundwater monitoring program would be required
for Alternative 3 since a large portion of the contamination
would continue to migrate toward Cano Tiburones. Details of
the monitoring program would be developed in the remedial
Qesign phase.
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‘Alternative 3 would be moderately effective in treating the

CCl4 contamination to concentrations equal to or less than the
MCL of 5 ppb. However, since it relies partially on adquifer
flushing and partially on pumping and treating at the extraction
wells, EPA cannot determine whether the MCL will be attained.

The time reguired to attain the MCL cannot be estimated since
it is expected that the soil contaminated with CClg would
continue to represent a persistent secondary source, and the
persistence of CClg in this type of geological environment is
not fully known.

A well-planned field program is needed in designing a remediation
system in the Aymamon aquifer to address both the uncertainties
caused by the incomplete data and the complexity of contaminant
transport in this karst setting. The extraction well config-
uration under Alternative 3 would require modification during

the predesign stage to optimize CCly capture.

This alternative would require groundwater withdrawals of 7 mgd,
which exceed the recommended maximum pumpage limit of the
Aymamon limestone of 6 mgd, established by USGS. The potential
for salt water intrusion would be substantially reduced by
recharging treated groundwater back into the aquifer through

an existing sinkhole near the UMC site, as proposed under
Alternative 3.

Implementation of Alternative 3 would require upgrading the
existing treatment unit on well UE-1l, the installation of a new
treatment unit on the Garrochales #3 well, the installation of
two new extraction wells, chloride monitoring wells, and the
development of permanent easements. Subject to the possible
applicability of Section 121(e)(1) of CERCLA, permits may be
necessary for the chloride monitoring wells. These items are
expected to take approximately 2 years to implement.

Moderate institutional constraints would be imposed during
implementation of Alternative 3. The installation of water
wells would require the services of a drilling contractor
meeting the licensing requirements of the Puerto Rico Department
of Natural Resources (PRDNR). 1In addition, permits for the
chloride monitoring wells may be required by PRDNR.

The estimated costs of this alternative are as follows:

Capital $ 2,205,000
O & M (30-year present worth) $ 4,186,000
Long-term Monitoring $ 440,000

Net Present Worth $ 6,831,000
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" ALTERNATIVE 4 - Extensive Contaminant Control

This alternative was developed for the purpose of controlling
the bulk of residual CCl4 contamination in the aquifer.
Alternative 4 includes continued pumpage, with treatment, of
wells UE-1 at 840 gpm, AH Robins at 450 gpm, and Garrochales #3
(currently untreated) at 2000 gpm, with the installation and

! operation of a network consisting of seven new extraction wells
each operating at 1000 gpm (see Figure 16). Under Alternative
4, the Garrochales #3 well would continue to be used as a
potable water source following wellhead treatment; groundwater
from wells UE-~1, AH Robins and E-1, a new well, would be treated
and discharged to an existing sinkhole located northwest of the
UMC facility; the remaining six extraction wells would be
treated and discharged to recharge wells located downgradient

of the extraction well network. Long~term groundwater monitoring
would be implemented. Chloride monitoring wells would be
installed to monitor potential salt water intrusion.

In order to intercept the bulk of the CClg contamination and
allow an adequate degree of safety in the system, a well
extraction network would be required. The network proposed
under Alternative 4 includes the addition of seven new extraction
'wells. The installation of extraction wells would be
accomplished using a phased approach, whereby hydrogeological
and water quality data from each well would be evaluated

prior to the installation of subseguent wells. 1In addition

to providing a better understanding of the hydrogeology, this
procedure might also demonstrate that fewer wells are required
to intercept the bulk of contamination.

The recommended zone in which the extraction wells would be
'placed lies just north of the leading edge of CClg contamination.
It is expected that the wells would be located within the zone
of contamination by the time the alternative is implemented
(estimated at 2.5 years). In addition, an extraction well,

E-1, would be placed in the general area between monitoring
wells MW-16 and MW-21 where contaminant concentrations are
‘expected to be greatest. The recommended recharge well zone
would lie between the extraction well zone and the point of
discharge at La Cambija spring. The recharge well zone should
not be close enough to the extraction well zone to interfere
with the movement of groundwater to the extraction wells. The
location of the salt water interface, and therefore, the zone of
recharge wells, would be determined more precisely during the
design phase. Details as to the placement of the extraction
wells depend on groundwater data, flow rate and the extent and
location of contamination. These details would also be addressed
during the design phase.
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Groundwater from this extraction system would first be treated

to levels of CClg no greater than the MCL of 5 ppb threugh the

"use of two air-stripping systems. The discharge from one treatment
. system would go to an existing sinkhole in the vicinity of the

UMC plant. The discharge from a second treatment unit would be
,recharged through wells located downgradient of the Garrochales

#3 well.

'Due to the physical barrier posed by the Cambalache State
‘Forest, two air-stripping systems would be necessary. The
first air-stripping system (an upgrade of the existing system)
would be located at the UMC property, and would receive flow
from wells UE-1 (840 gpm), AH Robins (450 gpm) and extraction
'well E-1 (1000 gpm). The other system would be in the vicinity
of the Garrochales #3 well and would handle flows from the
remaining 6 new extraction wells (1000 gpm each) as well as the
Garrochales #3 well (2000 gpm) (see Figure 17). Both treatment
systems would include pretreatment measures. Sufficient land
for the second system would have to be acquired and dedicated.
The flow in excess of 2000 gpm that is used for potable purposes
would be returned to the aquifer through recharge wells.

Air releases from the treatment systems would comply with air
emission standards regulated by the Clean Air Act and Rule 419

of the Regulation for Control of Atmospheric Pollution established
by PREQB.

A chloride monitoring well network would be constructed down-
gradient from the extraction wells proposed under Alternative 4
(see Figure 17). 1In addition, the extraction wells would be
monitored for chloride concentrations to determine if upconing
is occurring. The chloride monitoring wells would locate and
monitor the shape and migration of the fresh water/salt water
interface prior to and during cleanup operations.

The network of seven extraction wells could be capable of
providing control of almost the entire CClg contamination
exceeding the MCL of 5 ppb. Although there is uncertainty in
predicting zones of capture and pumping effectiveness of the
wells, the uncertainty is considerably reduced by locating a
greater number of wells than the absolute minimum.

a well-planned field prngam is needed in designing a remediation
system in the Aymamon aquifer to address both the uncertainties

caused by the incomplete data and the complexity of contaminant
transport in this karst setting. Therefore, the well configuration

under Alternative 4 would require modifications during the
predesign stage to optimize CClg capture.
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Long-term groundwater monitoring would be required under this
~alternative. Details of the monitoring program would be developed
" in the remedial design phase.

Alternative 4 is significantly more effective relative to all
other alternatives considered in terms of its capacity to treat

- contaminants to concentrations equal to or less than the MCL of

' 5 ppb. This alternative relies mostly on pumping extraction

}wells to restore the aquifer, rather than natural flushing.

. The time reguired to attain the MCL of 5ppb for CCly cannot be
estimated since it is expected that the soil contaminated with
CClyg will continue to represent a persistent secondary source,
and the persistence of CCly in this type of geological environment
is not fully known.

‘This alternative could potentially require groundwater withdrawals
of approximately 14.8 mgd, which exceed the recommended maximum
‘pumpage limit of the Aymamon limestone of 6 mgd, established by
/USGS. However, the potential for salt water encroachment would

be substantially reduced by recharging treated groundwater back
'into the aquifer through the existing sinkhole and through deep
recharge wells.

Alternative 4 would require upgrading the existing air-stripping
treatment unit on well UE-1l, the installation of a new treatment
unit on the Garrochales #3 well, the installation of 7 new
‘extraction wells, recharge wells and chloride monitoring wells,
and the development of permanent easements. Subject to the
possible applicability of Section 121(e)(1) of CERCLA, permits
may be required for the chloride monitoring wells and the
recharge wells. These items are expected to take approximately
2.5 years to implement.

Moderate to significant institutional constraints would be
imposed during the implementation of Alternative 4. The
installation of water wells would require the services of

a drilling subcontractor meeting the licensing requirements
of the PRDNR. 1In addition, permits may be required by PRDNR
for the chloride monitoring wells and the recharge wells.

The estimated costs of this alternative are as follows:

Capital $ 6,199,000
O & M (30-year present worth) § 7,882,000
Long-term Monitoring $ 440,000

Net Present Worth $14,521,000
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SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES;

In this section, the four alternatives are compared against
each other in relation to the following nine criteria:

1. Overall protection of human health and the environment;
2. Compliance with ARARs;
3. Long~term effectiveness and permanence;

4. Reduction of toxicity, mobility or volume of hazardous
substances;

5. Short-term effectiveness;
6. Impiementability:

7. Cost;

8. State acceptance; and

9. Community acceptance.

1. Overall Protection of Human Health and the Environment

Protection of human health and the environment is the central
mandate of CERCLA. Alternatives 2, 3 and 4 provide for protection
of human health by treating the Garrochales #3 well, as a
precautionary measure, to levels meeting the MCL of 5 ppb for
CCly. These alternatives equally minimize potential risk to
human health associated with the consumption of contaminated
groundwater from the Garrochales #3 well, currently the only

well within the zone of contamination being used for potable
water.

Compared to Alternatives 1 and 2, Alternatives 3 and 4 are more
protective of the downgradient private wells used for irrigation
and livestock, with Alternative 4 providing the most protection.
Also, Alternatives 3 and 4 compared to Alternatives 1 and 2 are
more protective of unauthorized new potable wells installed

within the zone of contamination from potential risk. Unauthorized
installations would be in violation of PRDNR permitting regulations.
However, their occurrence is possible.
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. Alternatives 3 and 4 provide for greater protection of.the
environment than Alternatives 1 and 2 because of the extraction

wells proposed under Alternatives 3 and 4, which are capable of
removing significant portions of the contaminants from the
aquifer, and thereby expediting aquifer restoration. The
volume of contaminants entering Cano Tiburones would be

“significantly reduced under Alternatives 3 and 4. Alternatives
.1 and 2 would allow uncontrolled migration of contaminants

towards Cano Tiburones. Due to dilution though, contaminant
concentrations at that discharge area would be expected to be
very low, quite possibly below the MCL of 5 ppb. However,
Alternatives 1 and 2, which provide minimal reduction, if any,
of contaminants in the agquifer, would leave the aquifer unusable

. for potable water purposes for a longer period of time.
‘Alternative 4 is capable of providing the most contaminant
removal and control of migration, and thereby restoring the
‘aquifer more quickly than the other alternatives.

‘With respect to environmental degradation due to potential salt
water encroachment, Alternatives 1 and 2 compare favorably to

Alternatives 3 and 4 because they propose no major changes in
the hydrologic balance. Alternatives 3 and 4 require groundwater
withdrawals of approximately 7 mgd and 14.8 mgd, respectively,

‘which exceed the recommended maximum pumpage limit of the

Aymamon limestone of 6 mgd, established by USGS. However, the
potential for salt water intrusion under Alternatives 3 and 4
would be substantially reduced by recharging treated groundwater
back into the aquifer. There is less potential for salt water
encroachment under Alternative 3 than under Alternative 4
because the net loss of groundwater through evapotranspiration
is lower for Alternative 3 since less water is recirculated.

2. Compliance with ARARS

Section 121(d) of CERCLA requires that remedial actions comply
with all applicable or relevant and appropriate Federal and

State requirements for the hazardous substances, pollutants or

contaminants that are present on-site, as well as any action-
specific requirements (e.g., design, construction, etc.) and
locational requirements.

The air-stripping systems proposed under Alternatives 2, 3, and
4 are equally capable of meeting Federal and State requirements
for air emissions. These systems are also equally capable of
treating extracted groundwater to levels no greater than the
MCL of 5 ppb, before the treated water is either recharged to
the aquifer or discharged from the Garrochales #3 well to the
PRASA public water supply system.
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EPA cannot determine whether complete aquifer restoration
! (meeting MCLs) in this type of geologlcal setting within a
reasonable period of time is possible using the technology of

' groundwater extraction. Therefore, EPA cannot predict whether

. the groundwater extraction well systems proposed under Alternatives
'3 and 4 would attain the MCL of 5 ppb for CClg and thereby

'restore the agquifer within a reasonable period of time.

' Nevertheless, complete aguifer restoration is the long-term
~objective. Alternatives 1 through 4 will be comparatively
~evaluated in this section for their potential to meet the ARAR,

the MCL of 5 ppb for CClg throughout the aquifer, within a
‘reasonable period of time.

‘Alternative 1 relies totally on natural aquifer flushing and
‘dilution to reduce CCl4g contaminant levels in the aguifer to
‘the MCL of 5 ppb. EPA does not believe that natural aquifer
flushing will restore the aguifer within a reasonable amount
of time. Since pumping well UE-l has little impact on contaminant
removal and control of migration, Alternative 2 relies very
heavily on natural aquifer flushing and dilution to reduce
contaminant levels to the MCL of 5 ppb. Alternatives 1 and 2
are not expected to be capable of reducing CClg contaminant
levels in the aquifer to the MCL of 5 ppb within a reasonable
period of time.

Alternative 3 proposes two additional extraction wells, which

would be capable of reducing contaminant levels and controlling
migration of the most heavily contaminated portions of the

aguifer, while allowing some contaminant migration. Alternative

3 relies partially on natural aquifer flushing and partially on
pumpage of two extraction wells to reduce contaminant concentration
levels in the aquifer to levels meeting the MCL of 5 ppb, and

is therefore more capable than Alternatives 1 and 2 of restoring
the aguifer within a reasonable period of time.

Alternative 4 proposes a network of seven new extraction wells
which would be capable of reducing contaminant levels and
controlling migration of the bulk of the residual contamination.
Alternative 4 relies mostly on the extraction wells to reduce
contaminant concentration levels in the aquifer to the MCL of 5
ppb, and is therefore the most capable of all four alternatives
to restore the aquifer within a reasonable period of time.

While it is unclear whether the goal of total aquifer restoration
within a reasonable period of time is an attainable one,
Alternatives 3 and 4 would at least be capable of attaining the
MCL of 5 ppb for CClg in portions of the aquifer.
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3. Long-term Effectiveness and Permanence

Long-term effectiveness and permanence addresses the long-term

protection and reliability of an alternative. Permanence is a
relative term and is therefore expressed in the degree of
permanence associated with an alternative with respect to other
alternatives being evaluated.

Long-term groundwater monitoring would be implemented for each
alternative to measure effectiveness and to identify potential
receptors.

Alternatives 2, 3 and 4 all provide for long-term protection of

the Garrochales #3 publ1c supply well which minimizes risk
associated with consumption of contaminated groundwater by

wellhead treatment.

'+ Since Alternatives 1 and 2 provide for only minimal, if any,

- containment of contaminants in the groundwater near the source,
. 'downgradient private wells currently used for watering livestock

and irrigation purposes are at a substantial risk of becoming
contaminated. Alternatives 3 and 4 are capable of removing
more contaminants from the aquifer, and at a faster rate than
Alternatives 1 and 2, which rely mostly on dilution and natural
aquifer flushing. Therefore, Alternatives 3 and 4 would be
more effective at restoring the aguifer and minimizing risk to
downgradient private wells.

Alternatives 3 and 4 are much more effective than Alternatives

l and 2 in terms of the capacity to treat contaminants in the
aguifer to concentrations equal to or less than the MCL due to
the number of extraction wells and the quantity of water treated
and reinjected.

'Since pumping well UE-1 has little impact on contaminant migration,
it is assumed that CClg would migrate from the UMC site to Cano
‘Tiburones in approximately the same time period under Alternative
2 as it would under Alternative 1. Aquifer restoration under

Alternatives 1 and 2 would rely almost totally on natural

‘agqui fer flushing.

'Although PRDNR currently controls new well installations through
'its permitting requirements, maintaining these institutional
controls for the duration of the aguifer restoration period
would be more difficult under Alternatives 1 and 2 than under
Alternatives 3 and 4. A greater amount of time is required to
cleanse the aquifer through natural aquifer flushing than with
the aid of extraction wells. Because of this, future users of
the aquifer would be at risk of consumimg higher levels of CClg-
contaminated groundwater under Alternatives 1 and 2 than they
would consume under Alternatives 3 and 4. . :
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~While Alternatives 3 and 4 may not be able to attain the MCL of

5 ppb everywhere in the agquifer, these alternatives may provide
for attainment of the MCL in some portions of the aquifer, and
at the very least, would lessen the potential cancer risk to
future users of the aquifer by reducing contaminant levels to a

' greater extent than they would be reduced by natural flushing.

fAlternafive 4 would be capable of removing the most contaminants
' from the aquifer, providing the most control of migration of

contaminants, and restoring the aquifer in the shortest period
of time, in comparison to Alternatives 1, 2, and 3 and would
therefore be the most capable of all the alternatives to meet
the MCL in the aquifer.

4. Reduction of Toxicity, Mobility or Volume of Hazardous
Substances

This evaluation criterion relates to the performance of a

remedial alternative in terms of eliminating or controlling
risks associated with the toxicity, mobility or volume of a
hazardous substance.

‘Alternatives 3 and 4 reduce the level of toxicity, volume and

mobility of contaminants to a much greater extent than Alternatives

1l and 2. Under Alternative 1, contaminants possibly remaining
in the unsaturated zone in the immediate area of well UE-l
would continue to slowly percolate into the water table; contam-

inants already in the groundwater, yet located outside of the
effective pumping radius of well UE-1l, would continue to migrate
downgradient; and contaminants currently being removed by well
UE-1 would also be entrained in the groundwater. As such, the

total contaminant volume and mobility would increase by an
incremental amount. The toxicity level of CCly would remain

unaffected. Alternative 2 slightly reduces the level of toxicity,
mobility, and volume of CClg contamination through pumpage and
treatment at the UE-1 extraction well.

Under Alternatives 3 and 4, the mobility and volume of CClg in
the groundwater are reduced by pumping and treating at the
existing wells and proposed extraction wells. The level of
toxicity is reduced through treatment. Reducing the level of
toxicity in the aquifer will reduce the cancer risk posed to
future unauthorized users of the aquifer, should institutional
controls fail.

Alternative 4 is capable of providing for the most reduction of
toxicity, mobility and volume of contaminants and would remove
contaminants from the aquifer the fastest, in comparison to
Alternatives 1, 2 and 3. :
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5. Short-term Effectiveness

The short-term effectiveness criterion measures how well an

. alternative is expected to perform, the time to achieve performance,

and the potential adverse impacts of its implementation.

;The time required to meet the MCL of 5 ppb in the aquifer
. cannot be determined for any of the alternatives due to the
+ fact that the soil beneath the site may represent a persistent

secondary source, and also because the persistence of CClg in
this type of geological environment is not fully known. However,
the time required to meet the MCL would be substantially longer

"under Alternatives 1 and 2 than under Alternatives 3 and 4,

which, in addition to natural aquifer flushing, rely on ground-
water extraction wells to actively remove contaminants from the

aquifer.
\

"Alternatives 2, 3 and 4 compare equally in the time needed to

provide protection to users of the Garrochales #3 well. Aall

'three alternatives propose connection of the well to an air-

stripping treatment unit.

Implementation of Alternatives 1 and 2 would have very minor
short-term impacts to workers and to the environment since
little construction would be involved.

Implementation of Alternatives 3 and 4 could pose some risk to
workers. Due to the possible release of contaminant vapors
during drilling and installation of the wells, workers may be
required. to use Level C protection. Since the projected work
areas are remote from residences or industrial facilities, it

is not expected that any contaminant release during construction

.would affect the general populace. The operation of the ground-

water extraction wells would also not be expected to result in
an uncontrolled contaminant release.

Under Alternatives 3 and 4, the proposed well locations are
somewhat removed from existing roads. This would require land
to be cleared and grubbed, and road construction.

Because Alternative 4 involves more construction than Alternative
3, the short-term adverse impacts of Alternative 4 to the

environment would be greater.
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6. Implementability

'Implementability addresses how easy or difficult, feasible or

infeasible, it would be to carry out a given alternative. This
covers implementation from design through construction and
operation and maintenance.

Alternatives 1 and 2 would be relatively easy to implement- in
‘comparison to Alternatives 3 and 4. Alternative 1, being the

easiest to implement, involves removing well UE-1l from service
which would take approximately four months. Operation and
maintenance, as well as operator experience, would be minimal.

Alternative 2 would be relatively easy to implement since it
only requires upgrading the existing air-stripping treatment
unit on well UE-~1 and the installation of an air-stripping
treatment unit on the Garrochales #3 well, which would take
approximately two years. The long-term use of the existing
wells and new treatment units would have greater operation and
maintenance regquirements than would Alternative 1.

Alternatives 1 and 2 would rely on PRDNR more heavily than
Alternatives 3 and 4 to maintain control and prevent future
well installations in the aquifer for drinking water purposes
until complete remediation is achieved.

Alternatives 3 and 4 would be relatively difficult to implement.
Both alternatives would have substantially greater operation
and maintenance requirements than Alternatives 1 and 2, and
would reqguire trained personnel to monitor system behavior and
perform routine maintenance.

The proposed extraction well locations in Alternatives 3 and 4
are somewhat removed from existing roads. Additional labor
would be required for land clearing and grubbing and road
construction. In addition, these alternatives require an
extension of electrical utilities. ‘

Moderate to significant institutional constraints would be
imposed dquring the implementation of Alternatives 3 and 4.

The installation of water wells would reguire the services of a
drilling subcontractor meeting the licensing requirements of
the PRDNR. In addition, permits may be required by PRDNR for
chloride monitoring wells proposed under Alternatives 3 and 4,
and for recharge wells proposed under Alternative 4, subject to
the applicability of Section 121(e)(1) of CERCLA.

Alternative 4 would be the most difficult to implement in
comparison to Alternatives 1, 2 and 3, due to the greater
number of extaction wells and recharge wells proposed.
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- The degree of technical implementability would be the same for
" Alternatives 2, 3 and 4 because the same technologies (ground-

water extraction with treatment and recharge to the aquifer)

. are proposed under each alternative. The equipment and resources

under Alternatives 2, 3 and 4 are readily available. Additional

- extraction wells proposed under Alternatives 3 and 4 would be

constructed by the cable tool or dual tube reverse air rotary
drilling method, both of which are widely used to construct
production wells in this type of limestone. '

7. Cost

'The cost evaluation of each alternative is based on the capital
‘cost (cost to construct), long-term monitoring, operation and

maintenance (O&M), and present worth costs.

‘Table 3, below, presents the estimates of capital costs, long-term
‘groundwater monitoring costs, O&M costs, and net present worth

‘costs.
TABLE 3 - COST ESTIMATES

‘ Capital Long-Term Annual o&M * Net Present
ALTER- Costs Groundwater O & M 30-year Worth Cost
NATIVE ($1,000) Monitoring ($1,000) Present Worth ($1,000)
‘ ($1,000) ($1,000)

Bl | Bl
1 35 440 - - 475
2 946 440 151 1,722 3,108
3 - 2,205 440 368 4,186 6,831
4 6,199 440 691 7,882 14,521
|

* For costing purposes, O&M was projected to continue for 30 years.

8. State Acceptance

This evaluation criterion addresses the concern and degree of
support that the state government has expressed regarding the
remedial alternatives being evaluated.

The Commonwealth of Puerto Rico believes that Alternative 3, as
nmodified in the EPA's Proposed Remedial Action Plan, is the most
}

{
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environmehtally sound and cost-effective alternative. The
Commonwealth is most interested in restoring the aquifer to the
maximum extent practicable. A concurrence letter from PREQB (see
Attachment 1) is attached to this Record of Decision.

9. Community Acceptance

Thls evaluation criterion addresses the degree to which members
of the local community might support the remedial alternatives
belng evaluated.

The community expressed opposition to Alternatives 1 and 2, with
the exception of UMC, which favored a modified version of
Alternative 2 with the replacement of water supplies wherever
needed. ‘Alternative 2 would protect the Garrochales #3 well,
but would allow contaminants to migrate towards Cano Tiburones.
Alternative 1 would neither protect the Garrochales §3 well nor
prevent contaminant migration into Cano Tiburones.

The commuhity is in favor of a timely restoration of the aquifer to
the maximum extent practicable.

THE SELECTED REMEDY

The overall goal of the cleanup action at the UMC site is to
restore the groundwater to its beneficial uses (or health based
levels) within a reasonable period of time. However, the EPA
is currently unable to select a restoration remedy that it can
say with confidence will achieve this goal, because of the
unavallablllty of sufficient information to determine how long
1t will take to restore the aquifer.

Therefore, the EPA is selecting an interim remedy. The
purpose of this interim remedy is to:

° reduce contaminant concentrations and maximize
removal of contaminant mass, and :

. ° determine the feasibility of restoring all or

‘ portions of the aquifer to health-based levels.

Thls interim remedy, which is a modified version of Alternative
3, will include the following components:

° Continued pumpage of groundwater extraction well
UE-1 at 840 gpm with treatment of the groundwater to

. levels no greater than 5 ppb of CCL4 by an upgraded

! air-stripping system and discharge to an existing

! sinkhole located northwest of the UMC facility.
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“

' Pumpage of the AH Robins well at 450 gpm plus the
‘installation and pumpage of two new extraction wells
each at 800 gpm, with treatment of the groundwdter to
‘levels no greater than 5 ppb of CClg by the UE-1l air-
stripping system and discharge to the existing sinkhole.

Continued pumpage of the Garrochales #3 public supply

'well at 2000 gpm with treatment of the groundwater to

levels no greater than 5 ppb of CCl4 by air-stripping

.‘and subsequent distribution to the public water supply
.system. During remedial design, an evaluation will be

made of replacing treated water from the Garrochales #3

well with an alternate water supply from the artesian
‘aquifer. Since the pumpage of the Garrochales #3 well

is not an intregal part of the remedial scheme, this

well may be taken out of service if an artesian well
is installed.

If the two new extraction wells prove to be effective

Qat removing contaminants from the aquifer, additional
‘extraction wells will be added in a phased approach

with treatment by air stripping and recharge to the
groundwater. It is estimated that two to four additional
wells will be installed and pumped at approximately

800 gpnm.

Installation of chloride monitoring wells near the
coastline to monitor potential salt-water encroachment.

Long-term monitoring of groundwater to track contaminant

movement and assess performance of groundwater extraction

wells. :

'In analyéing potential remedies for the site, EPA favored

Alternatives 3 and 4 as being more protective of human health

and the environment than Alternatives 1 and 2. Evaluation of
Alternatives 3 and 4 according to the nine criteria, with emphasis
placed on the complex hydrogeological conditions present at the

site,

lead EPA to select a modified version of Alternative 3 as

an interim cleanup remedy for the site.

Alternative 4, with its network of seven extraction wells, is
capable of removing the most contaminants, providing for the

most control of contaminant migration, and restoring the aquifer
the fastest, thereby providing the most protection of human
health and the environment of Alternatives 1 through 4. However,
due to the complex hydrogeology underlying the site, uncertainties
exist regarding the effectiveness of groundwater extraction

wells at removing contaminants from the aquifer. Given the
costliness of Alternative 4, which is approximately twice the
cost of Alternative 3, it is uncertain whether the actual. level
of contaminant removal would be great enough to justify the

cost of the alternative. Therefore, EPA cannot determine that
Alternative 4 would be a cost-effective alternative.
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On:the other hand, Alternative 3, which proposes two extraction
wells, is capable of reducing contaminant concentration levels
in the most heavily contaminated portions of the aquifer,
providing for partial control of contaminant migration, and
restoring the aquifer faster than Alternative 1 and 2 which
rely almost exclusively on natural flushing and dilution.
Also, the cost of Alternative 3 is moderate in relation to
Alternative 4. However, Alternative 3 would allow a large
portion of contaminants, with CCls concentration levels at
least as high as 170 ppb, to migrate towards Cano Tiburones.
This alternative is only capable of intercepting approximately.
thirty percent of the total flow across the contaminant zone.

At this time, EPA believes that the optimal groundwater extraction
system for the site consists of a system which is somewhat

between Alternatives 3 and 4. EPA, however, cannot determine

the optimal number of wells nor predict their effectiveness
without first operating the wells. EPA is thereby selecting a
modified version of Alternative 3, which includes the installation
of additional extraction wells if the two new extraction wells
initially installed prove to have an effectiveness, in terms of
their removal of contaminants, which is commensurate with the
costs of installing, operating and maintaining the wells.

The exact number of additional extraction wells that would be
installed if the two new extraction wells installed initially prove
to be effective, the pumping rates of these wells, and the

exact location of the wells cannot be determined at this time.
However, it can be estimated that approximately two to four
additional wells may be installed that would pump at approximately
800 gpm each.

EPA believes that the modified Alternative 3 is cost-effective
in that extraction wells would be added sequentially, up to a
total of approximately four additional wells, aside from the
initial two, provided that the wells were shown to be effective
or have a high probability of success at removing contaminants
from the aquifer. Construction and implementation of the
initial groundwater remediation system (upgrading the UE-1 air
stripper, installing an air stripper to the Garrochales #3 well
and 1nsta111ng two new extraction wells and chloride monitoring
wells) is similar in scope to Alternative 3 of the FS. 1If four
additional extraction wells were installed, the expanded remedy
would entail a remedy similar in scope to Alternative 4,
Therefore, the Selected Interim Remedy is estimated to cost:

\ : Capital Annual

u X Cost ($K) O&M ($K)
Initial System $2,200 $400
Expanded System $6,200 $700

(Plus Initial System)
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The effect1veness of the two 1n1t1a1 new extraction wells .will
be assessed based on the CCly concentrations detected in the
extraction wells and in existing and future monitoring wells.
Additional extraction wells will be added based upon the
effectivenéés of the two extraction wells initially installed.

1
Extracted groundwater from the additional wells will be treated
by air strlpplng by either the upgraded treatment unit proposed
for well UE-1l, or by the new treatment unit proposed for the
Garrochales #3 well. These treatment units will be modified,
if needed, to handle any additional flow exceeding the capacities
of 'the units. Treated effluent will be discharged into the
aquifer either through the existing sinkhole or through deep
recharge wells.

Each extraction well, including UE-1 and AH Robins, with the
exception of Garrochales #3, will operate until CClg levels

have stabilized and are not being reduced. Once this is achieved,
pumplng will be discontinued at the well and the well will be
monltored for a period of time. The contaminant concentration
levels are expected to rise within these wells after a period

of nonpumping, or resting, at which time pumping of the well

will be resumed. This cycle of pumpxng and resting will continue
fori each extractlon well until it is determined that contaminant
levels in the extraction wells are not rising above the MCL of

5 ppb after successive resting perlods. However, since it is not
known whether contaminant levels in the aquifer can be reduced to
the 'MCL, EPA will reevaluate this remedy within five years of
opexation (should the contaminant levels in the aquifer not meet
the 'MCL within this time period) to determine the allowable
contaminant levels that the extraction wells must meet before
beiﬁg shut down.

As stated above, operation of the extraction wells will continue
for approximately 5 years at which time a full remedy evaluation
will be conducted. The purpose of this evaluation would be to
determine the practicability and cost-effectiveness of cleaning
up all or part of the aquifer and to specify the type of further
actlon to be taken. If a decision is made that any portion of
the aqulfer will not be restored, then a waiver from the MCL

for reasons of technical impracticability will be evaluated at
that time.

It is expected that some CCl4q has remained adsorbed to the
organlc carbon in the unsaturated zone and will remain a
secondary source of contamination to the groundwater as the
pure; CClg solubilizes in the water between the soil particles
over| time. The amount and location of residual CClg which
preséntly exists in the unsaturated zone is unknown. The
possible residual contamination of the unsaturated zone and its
likelinood as a source will be addressed separately by EPA's
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RCRA program, which may require further investigation and response.
Therefore, the scope of the Selected Interim Remedy will not
‘address possible contamination of the unsaturated zone.’

THE STATUTORY DETERMINATIONS

Protection of Human Health and the Environment

Dr1nk1ng water in the Barceloneta area is currently provided by
the PRASA public supply system. Impacted and threatened water
supply wells were shut down shortly after the discovery of the
5pill in 1982. According to USGS, no private domestic wells

within the zone of contamination are currently being used for

drinking purposes. However, private wells currently utilize site

groundwater for watering livestock and irrigation.

The only well at the site currently being used for potable water
is the Garrochales $#3 public water supply well. Historic as well
as recent sampling of this well indicates the presence of CCl at
levels less than the MCL of 5 ppb. There is the possibility,
however, that CCly levels exceeding 5 ppb will appear at the
Garrochales #3 well in the future.

The Selected Interim Remedy will prevent potential risk of ingestion
cf contaminated groundwater with wellhead treatment at the
Garrochales #3 well. This well will be treated, as a precautionary
measure, to levels no greater than the MCL of 5 ppb before the

water is dlstrlbuted through the PRASA public water supply system.

The proposed groundwater extraction wells are capable of removing
contaminant mass from the aquifer, thereby reducing contaminant
concentration levels, and will provide for at least partial
control of contaminant migration. The first two extraction wells
to be installed are capable of controlling and reducing contaminant
levels of the most heavily contaminated portion of the aquifer.
Contaminants not controlled by the proposed extraction wells
(either the initial two or the additional wells) will migrate
towards Cano Tiburones. However, dilution is expected to reduce
contamlnant concentrations to low levels by the time that the
cwntam1nants reach their discharge point from the aquifer.

The Selected Interim Remedy will provide for protection of

human health and the environment through its capability to

remove contaminant mass and reduce contaminant concentration

levels within the aquifer. A reduction of CCly contaminant
concentration levels will result in the following measures protective
of human health and the environment:

° reduction of cancer risk levels which will decrease the
Ereliancefon institutional controls over future potable well
‘installations in the aquifer,
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° protectlon of presently unlmpacted portions of the aqulfer (CCly
contaminant levels less than the MCL of 5 ppb),

® prevention of further contamination of presently impacted
portions of the aquifer,

° é possible attainment of the MCL of 5 ppb for CClg in large
portions of the existing impacted areas, and

° ﬁeduction of risk to Cano Tiburones and the life it supports.

The Selected Interim Remedy is not expected to cause any adverse
short-term or cross-media impacts.

égtainment of ARARs

Table 4 lists both Federal and State potential ARARs as well as
criteria, guidances and advisories which were considered for
groundwater cleanup.

MCLs, established pursuant to the Safe Drinking Water Act, are
legally enforceable standards for drinking water. EPA considers
the MCL for CCly of 5 ppb to be a relevant and appropriate require-
ment with respect to the groundwater at the site and an applicable
requirement at the tap.

Water to be distributed to the PRASA public supply system must
meet. the MCL of 5 ppb for CCly. Water to be recharged into the
aquifer either through recharge wells or natural sinkholes should
also contain CClg levels no greater than the MCL of 5 ppb.

An additional ARAR to be met is Air Emission Standards, regulated
under the Clean Air Act. Air-stripping volatiles from the
extracted groundwater requires controls pursuant to Rule 419 of
the Regulation for Control of Atmospheric Pollution, established
by PREQB. This rule limits the rate of discharge of volatile
organic contaminants (VOCs) into the atmosphere to 3 pounds per
hour or 15 pounds per day (based on mass balance) whichever is
less. Off-gas treatment will be required for the air-stripping
systems operated under the Selected Interim Remedy if VOC concen-
trations exceed these limits.

Groundwater leaving the proposed air-stripping systems will
meet the MCL of 5 ppb of CClg before being recharged back

into the aquifer and before being distributed through the
PRASA public water supply system. Air emissions from the
treatment units are not expected to exceed PREQB limits.
However, if they should, off-gas treatment will be implemented.
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Due to the unknowns associated with the underlying geology which
may limit the effectiveness of groundwater contaminant reocovery
extraction wells, and due to the possibility of a persistent source
of contaminants existing in the unsaturated zone, EPA cannot deter-
mine at this time whether the Selected Intefim Remedy will attain
the ARAR, the MCL of 5 ppb for CClyg, in the aquifer within a reason-
ble period of time. The Selected Interim Remedy may be able to
attain the MCL in portions of the aqulfer. However, because of
th1s uncertainty, the Selected Interim Remedy will be reevaluated
within a five-year operational period.

The‘Selected Interim Remedy is expected to remove contaminant mass
from the aquifer and partially control contaminant migration. The
Selected Interim Remedy is capable of restoring the agquifer to a
larger extent and in a shorter time period than if the aquifer were

~allowed to flush by natural means.

Cost-Effegtiveness

EPA believes that the Selected Interim Remedy provides overall
effectiveness proportionate to its costs. The Selected Interim
Remedy will be designed to maximize the removal of contaminant mass
from the aquifer. Whether the Selected Interim Remedy can completely

" or partially restore the aquifer within a reasonable period of time

cannot be determined at this time. However, EPA believes the
benefits in terms of protection of human health and the environment
which can be attained strictly through contaminant mass removal are
worth the costs involved.

Utilization éf Permanent Solutions and Alternative Treatment
Technologies or Resource Recovery Technologies to the Maximum
Extent Practicable

For the reasons specified in the Selected Remedy section, the
modified version of Alternative 3, as an interim remedy, represents
the best balance of the nine criteria and is determined to be the
most appropriate remedy for the site at this time. The Selected
Interim Remedy utilizes permanent solutions and alternative treatment
technologies or resource recovery technologies to the maximum

extent practicable.

Preference for Treatment as a Principal Element

The Selected Interim Remedy satisfies the statutory preference for
remedies employing treatment that permanently and significantly
reduces the toxicity, mobility or volume of hazardous substances.
The Selected Remedy includes the installation and operation of
groundwater extraction wells for contaminant recovery. Contaminated
groundwater pumped from the extraction wells will be treated with
ir-stripping units before being recharged into the aquifer and
,efore being distributed through the PRASA public water supply
system. This pumping and treatment of the groundwater is expected
to permanently and significantly reduce the toxicity, mobility and
volume of the hazardous substances in the groundwater at the site.
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TABLE 1

GROUND‘HA&ER VELLS AND SPRING SAMPLED (1988)

Well No. Specified - Concentration

i Sampled Sampling Depth ‘ Level
’ ‘ (below grade) (ppb)
I MV-1 ‘ (320') 55
. MW-9 (310') ND
i MW-16 : (320') 140
. MV-18 (320') 160
- MW-19 (400") ‘ 2.9
- MV-20 : (3457) ND
- MW-21 (280") ' 59
| MW-22 ' (290") 44
| MW-23 (235') 170
| MW-101 (2357) 29
'MW-102 (235") ND
'MW-103 (280") 2.4
,Pollera #43 4.7
,Job Corps #54 0.7
1Garrochales 3, #54a 1.4
{Vaqueria Martinez #47 ND
#48 ND
iMorales #49 ND
1$50 ND
'§51 t ND
.La Cambija #52 13.0
‘Rosa Delgado #33 ND
'PRASA Garrochales #135 ND
IJulio Reyes #179 ND
‘Jossie Morales #301 ND

Waqueria Sabana #305 6.4

fND - CC1, was not detected u